We present a new catalogue of spectrophotometric distances and line-of-sight systemic velocities to 103 H II regions between 90
INTRODUCTION
The utility of H II regions as tracers of Galactic spiral structure and rotation is well-known. Some of today's most successful models of our Galaxy (e.g. the electrondensity model of Taylor & Cordes 1993 , and the dust model of Drimmel & Spergel (2001) ) are based on the H II arms originally mapped by Georgelin & Georgelin (1976) . Distances to H II regions and their attendant molecular clouds can be obtained photometrically with broadband and spectroscopic data on internal exciting stars, and/or kinematically via the object's systemic velocity. The classic map of Georgelin & Georgelin (1976) uses both methods, as does very recent work to produce global maps of spiral structure (e.g. Hou et al. 2009; Russeil 2003) or more detailed spiral structure maps in smaller areas across the Galactic plane (e.g. Vázquez et al. 2008) . Neither method can approach the accuracy typical of VLBI/parallax observations (e.g. Xu et al. 2006 ) but large-scale mapping efforts with this method are only just beginning (see Brunthaler et al. 2011 , for a good review, though this method too can be quite uncertain; see Miyoshi et al. (2012) ).
In particular, spiral structure in the 2 nd and 3 rd quadrants of longitude (QII and QIII; 90 • ≥ ℓ ≥270 • ), our nearest view of the Outer Galaxy, is uncertain. Arms are moderately well-defined to about R ∼10 kpc (e.g. see Reid et al. 2009) , with most maps distinguishing the Local arm (a steeply-pitched spur or "armlet" that the Sun seems to be a member of) from the Perseus arm (a major tightly-wound star-forming arm, the closest such arm to the Sun). Beyond 2-3 kpc from the Sun in QII and QIII, most maps presented thus far become quite illdefined. The modern consensus of spiral structure rendered in Churchwell et al. (2009) (principally based on Georgelin & Georgelin) shows one arm beyond Perseus, the "Outer" arm, some ∼6.1 kpc distant from the Sun towards ℓ =180
• , and placed there to kinematically link with the QIII arm of McClure-Griffiths et al. (2004) in the Outer Galaxy and linking to the Norma arm in the Inner Galaxy QIV. In 12 CO ℓ − v maps by Dame et al. (2001) this Outer arm is a sparse chain of clouds that appears somewhat coherent over a wide range of longitude. Strasser et al. (2007) also trace this arm kinematically using continuum absorption towards extragalactic sources. Discrete tracers beyond Perseus in this area are also shown in Vázquez et al. (2008) but their fit with the Outer arm (as defined by the "Cygnus" arm of Vallée 2008 ) is very poor. While these distant tracers suffer from high scatter, if anything their mean position seems to be somewhat closer to the Sun than the Cygnus Arm of Vallée (2008) , and are more consistent as belonging to the optical arm suggested by Kimeswenger & Weinberger (1989) and Negueruela & Marco (2003) , which at 4-5 kpc from the Sun towards ℓ =180
• is nearer than the Cygnus arm of Vallée (2008) and the Outer arm of Churchwell et al. (2009) . This arm is positioned 3.5 kpc towards ℓ =180
• in the 4-arm model of Hou et al. (2009) though it is poorly defined and not linked to any arms in the Inner Galaxy. Beyond the Cygnus arm, there is unreliable evidence for an even more distant Far Outer arm some 7-9 kpc from the Sun towards 180
• (e.g. Vallée 2008; Hou et al. 2009 ). Such an arm could be a QII-extension of the Scutum-Centaurus arm identified in the 1 st quadrant by Dame & Thaddeus (2011) . While it is proposed by Churchwell et al. (2009) and Dame & Thaddeus (2011) that this arm along with Perseus forms the principal 2-armed density wave pattern emanating from the central bar in the MW, the picture is still not clear (see the synopsis of spiral structure in Vallée 2008 , which shows the Perseus arm as a secondary arm).
Clearly then, the view of the overall Milky Way spiral structure and how the pattern in QII and QIII relates to it is (as yet) incomplete and conflicted. In particular a more precise location and winding angle for the QII/III arms would help to mate the patterns and visualize the big picture. The challenge then is to refine distances to spiral arm tracers and to minimize their uncertainties, with a more rigorous and systematic approach to spectro-photometric distances to stars, and/or better defined measurements of the systemic velocities of tracers. That is the broad purpose of this series of papers.
There are three major obstacles to a better defined map of spiral structure from H II region distances. First and most major are distance uncertainties, sources for which are i) misclassification of spectral and MK types for exciting stars, ii) errors in photometry, iii) variation in intrinsic luminosity for stars of the same class, and iv) a changing reddening law for stars that are seen through different relative amounts of interstellar and circumstellar dust. Second, data are cobbled together from inhomogeneous sets of published catalogues and groups of nebula with different distance estimates used for each (as noted, often a mix of kinematic and spectrophotometric), the differences among them being constants used (e.g. Solar galactocentric distance R 0 ), the calibrations of MK/spectral type vs. intrinsic colour and magnitudes, and even the identity and the number of stars considered involved with a given H II region. Thirdly, it is not necessary that all observed H II regions must also be tracing a major spiral feature; hence any spiral structure present may appear confused by the presence of interarm objects and other objects not associated with the major arms.
Maps made with kinematic distances of H II regions are also affected by a major source of error: deviations of the observed velocity of a tracer from circular Galactic rotation. These can come in the form of larger-scale systematic non-circular motions like elliptical orbits, and spiral arm dynamics (e.g. streaming motions associated with density waves, and "rolling" motions that are observed in spiral arms Roberts 1972; Feitzinger & Spicker 1985, respectively) , down to smaller-scale motions like expansions of gaseous shells surrounding the stars, molecular and champagne-type outflows associated with many SFRs, and down to the very-small scale random turbulent motions associated with the gas. Even such small non-circular deviations can be magnified by the 1/sinℓ projection of circular velocities in QII and QIII.
The new catalogue presented here (Paper I) is the foundation for a series of following papers that have two purposes; Paper II) clarifies and refines the spatial spiral structure in the Outer Galaxy's 2 nd and 3 rd quadrants, and Paper III) refines the observed rotation curve and resolves new detailed spiral arm dynamics within it. These goals are accomplished by specifically addressing many of the sources of uncertainty noted above. Specifically, these papers improve upon the following sources: 1) errors in distances due to random measurement errors (such as errors in photometry) and random variations in absolute magnitudes and colours among common stellar types, 2) scatter due to inhomogeneity in parameters/calibrations used to calculate distances, 3) errors in velocities due to expanding shells and outflows along the line-of-sight, and 4) errors in velocities due to random turbulent motions. Specifically, the next paper (II) will further address 5) scatter in spiral structure maps caused by uncertainty in the association of each H II region with spiral arms or interarm regions, and Paper III will address 6), the scatter in the rotation curve caused by systematic large-scale "rolling" (i.e. z-dependent) motions.
The new catalogue contains 103 H II regions observed by the Canadian Galactic Plane Survey (CGPS, Taylor et al. 2003) in the region 90
• ≤ ℓ ≤ 195
• , each with a compilation of associated and nearby (on the sky) OB stars with spectral classes and UBV photometric measurements, as complete as the current literature to 2013 allows. To minimize source 1) above, new group distances for each H II region are calculated using typically more stars than are usually used for each nebula, but only those that meet several objective spatial criteria for association. To minimize source 2) the same modern magnitude-luminosity and colour index (B −V ) 0 calibrations are used for the whole sample. To address source 3) systemic velocities with respect to the LSR are found for each H II region by using high-resolution CGPS line data and looking for velocity channels where associated shells and clouds are resolved edge-on with respect to the ionized gas, and not face-on. Finally random velocity variations (source 4 above) from turbulent and cloudcloud dispersion motions are minimized by deriving two independent velocity estimates, from both H I and CO maps for each H II region. These efforts result in a more homogeneous, meaningful, and most importantly repeatable set of H II region distances and velocities. In Papers II and III that follow this catalogue, we deal with sources of uncertainity due to 5) and 6) respectively.
OBSERVATIONS AND METHOD
The cornerstone of our catalog of H II regions is the new systemic velocity measurements (with respect to the LSR), which come from high-resolution (1 arcminute) λ21 cm H I data and λ2.6 mm 12 CO(J = 1 → 0) data. The H I data are entirely from the Canadian Galactic Plane Survey (CGPS; Taylor et al. 2003) , whereas CO data are from either CGPS or the Exeter FCRAO CO Galactic Plane Survey (described in Mottram & Brunt 2010; Brunt et al. 2013) , depending on longitude. Our catalog covers H II regions in the Outer Galaxy only (R > R 0 ) in the longitude range 90
• ≤ ℓ ≤ 193
• and mainly within a latitude of −3.5
• ≤ b ≤+5.5
• . A highlatitude extension was also observed as part of the CGPS (99.
• 85≤ ℓ ≤ 116.
• 96) up to b =+17.
• 56. The complete CGPS dataset of 21 cm line and continuum from 50.
• 2≤ ℓ ≤ 193.
• 3 and −3.
• 55≤ b ≤ +5.
• 55 are available at the Canadian Astronomy Data Centre 4 .
2.1. H I Line Observations 21 cm H I line observations used herein were carried out with the 7-element interferometer and 26 metre radio telescopes at the Dominion Radio Astrophysical Observatory (DRAO) for the CGPS. The final line data product are 5.
• 1×5.
• 1 H I datacubes, which have ≃1 arcminute resolution in each of 256 channel maps separated by 0.824 km s −1 and of 1.32 km s −1 resolution. The line data have a brightness-temperature sensitivity of ∆T B =3.5sin δ K. More information on the CGPS observing and data processing strategy may be found in Taylor et al. (2003) .
CO Line Observations
To trace molecular material in the Second Quadrant, we make use of the Five College Radio Astronomy Observatory (FCRAO) Outer Galaxy Survey (OGS; Heyer et al. 1998) . The OGS mapped 12 CO J=1−0 spectral line emission over the longitude range 102.
• 5≤ ℓ ≤ 141.
• 5 and over latitudes −3.
• 0≤ b ≤+5.
• 4. For regions outside the OGS coverage, we use new FCRAO CO surveys: the Extended Outer Galaxy Survey (E-OGS) extends the coverage of the OGS to Galactic longitude ℓ =193
• , over a latitude range −3.
• 5≤ b ≤+5.
• 5; and a new survey in the Cygnus region connects the OGS to the Galactic Ring Survey (GRS; Jackson et al. 2006) between longitudes 55.
• 7≤ ℓ ≤102.
• 5, over the (approximate) latitude range −1.
• 0≤ b ≤+1.
• 25. Full details of these new surveys are reported elsewhere (Brunt et al. in prep.) and are briefly summarized here. All new surveys utilised the 32 pixel SEQUOIA focal plane array (Erickson et al. 1999) to image the 12 CO and 13 CO J=1−0 spectral lines at ∼45 arcsecond angular resolution in the on-the-fly (OTF) mapping mode. The two lines were acquired simultaneously by the dual channel correlator (DCC), configured with 1024 channels over a bandwidth of 50 MHz at each frequency. The total velocity coverage exceeds 120 km s −1 , and is centered on v LSR = − 40 km s −1 over the range of longitudes examined in this paper. The channel spacing is 0.126 km s −1 ( 12 CO) and 0.132 km s −1 ( 13 CO); the velocity resolution is broader by a factor of 1.21.
12 CO OGS data prepared for inclusion in the CGPS were smoothed to 4 CADC; http://cadc.hia.nrc.ca 1.319 km s −1 , and new E-OGS data are smoothed to this resolution as well before analysis in this study. During the survey observations, pointing and focus checks were carried out every 3-4 hours, shortly after dawn/dusk or after a significant change in source coordinates. The data were initially converted to the T * A scale using the standard chopper wheel method (Kutner & Ulich 1981) . We used the OTFTOOL software, written by M. Heyer, G. Narayanan, and M. Brewer, to place the spectra on a regular 22.5
′′ grid in Galactic ℓ, b coordinates. To achieve this, first order baselines were fitted to signalfree regions of each spectrum and the root mean square noise amplitude (σ) of each spectrum was recorded. After baseline removal, individual spectra contributing to a single Galactic coordinate were assigned a 1/σ 2 weighting during the gridding. The gridded data were scaled to the radiation temperature scale (T * R ) by dividing by η F SS = 0.7 to account for forward scattering and spillover losses.
IDENTIFYING EXCITING STARS
An extensive search of the CGPS 21 cm continuum data was conducted to identify known bright H II regions. We find 103 objects, including most of the objects in Sharpless' second catalogue (Sharpless 1959) that fall within the CGPS survey area, and most of which have known associated stars from a set of standard catalogs: Georgelin & Georgelin (1970) ; Georgelin et al. (1973) ; Crampton et al. (1978) ; Moffat et al. (1979) ; Chini & Wink (1984) ; Avedisova & Kondratenko (1984) ; Hunter & Massey (1990) ; Glushkov (1995) ; Russeil et al. (2007) .
In some studies exciting stars have been identified from deep observations of a particular nebula (Sh2-138 and Sh2-184, in Deharveng et al. 1999; Guetter & Turner 1997, respectively) , or smaller samples of nebulae (Lahulla 1985 (Lahulla , 1987 . However, to expand the list of known stars associated with each H II region (especially the larger diffuse ones), we follow a systematic procedure.
We begin with 1 ′ -resolution 21 cm continuum emission maps of each H II region from the CGPS, contoured (typically 1,3,5 Kelvin levels above the background) to clearly delineate the boundaries of the ionized gas. Where 21 cm emission is not well defined or not detected at all we also use Hα emission contoured from the composite map of Finkbeiner (2003) . Known exciting stars from the standard catalogs above are first overlaid, showing positions with respect to the continuum emission. Then, we searched around the centre of this emission in SIMBAD for additional OB-type stars not reported in the "standard" catalogues. Our main source for additional OB stars in the area is the catalogue of Reed (2003) (and references therein), with some additional stellar classes and photometry from smaller catalogues of observations of specific stars and Galactic plane regions (Martin 1972; Crampton & Fisher 1974; Hill & Lynas-Gray 1977; Wramdemark 1981; Massey et al. 1995; Negueruela & Marco 2003; Sota et al. 2011) .
Candidates for association were those stars whose position was within or reasonably near to the outermost 21 cm continuum or Hα emission boundary. Mainly those with UBV photometry and published spectral types of O3 to B4 were considered. Where they exist we also consider Tycho B-type stars which have no assigned numerical sub-type.
Next, spectroscopic distances to all known and candidate stars are calculated from their photometry, spectral types and luminosity classes. Distances for all stars use reddenings E(B − V ) = (B − V ) − (B − V ) 0 that are calculated from the modern spectral type-intrinsic colour calibration referred to in Pecaut et al. (2012) (for main sequence stars) and Wegner (1994) (for luminosity classes I-IV). Absolute magnitudes are from the M V calibration compiled by Russeil (2003) . Both of these calibrations are reproduced at the end of in Table 1 . A value R V = 3.2 for the ratio of total-to-differential interstellar extinction is assumed throughout (Fitzpatrick & Massa 2007) . Where multiple values for magnitude V , colours B−V, U −B, spectral types, and MK Luminosity Classes (LC Ia-V) are listed in Reed (2003) we invariably use the more recent published ones. If no LC is given, we use the next most recent published one, and if none at all are known we assume the star is LCV (main sequence). If the star has only been classed as a B-type star from Tycho photometry, we assume LCV, calculate its reddening free index Q = (U − B) − 0.72(B − V ) and estimate its subtype (B0-B4) from Henden & Kaitchuck (1990) . As a last resort in three cases (Sh2-134, 147, 166) where a single OB type star with only B and V photometry is present but no temperature or luminosity class is known, we assume LCV and estimate the spectral type from the ratio of 21 cm radio flux and total IR flux (e.g. Chan & Fich 1995, or measured with reprocessed IRAS data in the CGPS), a distance-independent method originally proposed by Dewdney et al. (1991) that involves estimating the number of ionizing photons N rad (photons s −1 ) from the nebula's radio flux S ν (Jy) (e.g. see equation p. 853 Hunter & Massey 1990 , with T e assumed ≃ 10 4 K) and the IR luminosity L IR (L ⊙ ) and comparing their ratio (which is distance-independent but well calibrated with model stellar type; e.g. in Sternberg et al. 2003) . The method assumes the ionizing flux from the embedded star(s) is entirely reprocessed into IR luminosity, and results in an upper-limit to the spectral type of the star(s) within.
For a robust mean distance estimate to each nebula we attempt to minimize the impact of uncertain stellar distances and unrelated stars. With a set of 355 stars potentially associated with the 103 nebulae, we use an objective procedure of excluding candidates from the mean distance estimate. We consider all three dimensions: i) two on the plane of the sky in ℓ, b, and ii) the third in depth/distance r. The first two dimensions are filtered by excluding stars on the plane of the sky that are not seen within the boundaries of the ionized gas (21 cm and/or Hα emission contours), and as well are not found inside H I and/or CO gas shells/walls that surround each nebula. The third dimension (depth) is screened by excluding stars have conspicuous and excessively different distances that are ∼3σ or more away from the mean distance to the other members and candidates. Combinations of both i) and ii) are also screened. Examples of excluded stars are shown in Figures 3 and 2 (see Sec. 4), marked with x-symbols; one star in Sh2-204, and one each in the centres of Sh2-207 and 208 with ≥3σ distance differences from the others, one star north of Waterloo 1 and four stars around Sh2-173 excluded by their position outside of the continuum emission and associated H I and 12 CO shells, and one star in Sh2-168 by both its outlying position and distance. Stars that were borderline to meeting i) were additionally scrutinized by their published radial velocity (if available); those with a similar velocity to the nebula ( 20 km s −1 different) were included. Finally, for three nebulae 203 and 232) only two stars are associated with very different distances; we choose the single star whose distance is closest to the group of H II regions that these objects belong to (i.e. to BFS 31, and Sh2-231 to 235 respectively). Applying the above criteria, we cull some 45 stars from our list.
We present our full catalogue of 355 stars found in and around Galactic H II regions online in both Excel sheet and PDF formats; see ftp://ftp.drao.nrc.ca/pub/users/foster/Table1.xls or /Table1.pdf. A sample of Table 1 is reproduced below. The 45 stars excluded by the criteria above are marked in Table 1 (2), and 259. The number distribution of spectral types among O3-B4V stars is plotted in Figure 1 , and shows that the most common main sequence star in our sample is type B1. Table 2 in this paper gives the final heliocentric stellar distance r ± dr to each of 103 nebulae in the Outer Galaxy. We also include mean stellar distances calculated to seven additional H II regions (associated with 10 additional stars) just outside the CGPS high-longitude border (Sh2-261, and Sh2-267 through 272). Although these objects could not be scrutinized in the same way as regions observed in the CGPS 21 cm maps and (thus) are not part of our main catalogue, Sh2-267 -272 in particular are an important cluster of six H II regions tracing the extension of the Cygnus spiral arm into the 3 rd quadrant (discussed in Paper II), so their distances are presented here for use later on.
3.1. Distance Uncertainties 56 of the nebulae (including two groups at a common distance: Sh2-156+BFS 17, and Sh2-254-258, and three non-CGPS H II regions beyond ℓ = 193
• ) have two or more associated stars identified (Column 8 in Table 2 ; numbers in brackets are the number of excluded stars), so uncertainties in the mean distance to the H II region can be assessed directly with the standard deviation of stellar distances in a cluster of n * stars as σ * / √ n * . Here σ * is the standard deviation of the stars' distances, or the average uncertainty in an individual star's distance. The distributions of distance uncertainties (as a percent of the mean distance to the cluster), both per star and for the mean distance to the group are shown in Figure 1 . The errors in the mean distances fairly follow a normal distribution with a small positive skew, peaking at ∼ ±10% of the mean distance, and range from ≤2% to 30%. Note that the errors defining these distributions include contributions from random errors in photometry and errors in spectral classification (temperature and luminosity classes), but not from systematic differences caused by, for example, an anomalous extinction law (i.e. R V = A V /E(B − V ) >3.2 for dust of different grain size than that typical of the ISM), which is not a normally-distributed error. This will cause additional scatter towards higher distances and potentially create some dramatically outlying distances (dealt with by robust statistics in Paper II). All other nebulae have only one identified stellar member and their distances are assigned ∼ ±20%, the average standard deviation per star in all groups of two or more stars.
ESTIMATING CO AND H I VELOCITIES FROM CGPS DATA
A telescope pointed directly towards an H II region is likely to view line-of-sight (LOS) molecular outflows, or a molecular shell's front or back "caps" that are expanding along the LOS. Typical 12 CO velocities as published (e.g. Blitz et al. 1982) are almost certainly affected, and thus there may be a significant difference between the object's published velocity and the systemic, which we define as free of motions from LOS expansions and outflows, and other systematic effects (e.g. "rolling" motions in the arms). The 1/sin ℓ projection from v LSR to angular velocity Ω will amplify any such differences. For Galactic structure and dynamics studies, the ideal is to isolate only the LOS component of an object's orbital motion. CGPS data are advantageous in this regard: the large-scale high-resolution maps allow one to look for the velocity channels where the associated gas is seen to one side of or around the edges of the ionized gas, and discriminate against gas seen atop the face of the H II (see Figure 2 for an example). Velocities derived in this way are more likely to reflect only the object's motion about the Galactic centre, and less likely to exhibit peculiar motions along the LOS, whether systematic or random (e.g. "turbulence", cloud-cloud dispersion motions). Fich et al. (1989) (where observed) are reported. For each H II region we first overlay 21 cm continuum contours and mark the position of each star on both 12 CO and H I channel maps, and search each channel for structure in the gas that correlates with the spatial appearance of the ionized gas and star locations. Channel maps where atomic and molecular gas shells that surround the ionized gas (defined with 21 cm continuum images) are seen edge-on (and not face-on) are sought.
12 CO emission is naturally concentrated into discrete clouds, and it is usually straightforward to identify associated CO around the periphery of an H II region. The ubiquity of H I appearing at all angular scales (∼1 ′ and up) and across many velocity channels creates a somewhat more confused picture, where shells, walls and other features may be superposed with ISM clouds, threads and sheets that are rather related to larger scale Galactic structure (e.g. the disk, spiral arms). To enhance our ability to identify in particular H I related to each H II region, we also overlay Hα emission contours from the Wisconsin HAlpha Mapper (WHAM) plus Virgina Tech Spectral-line Survey (VTSS) map (Finkbeiner 2003) for comparison (only where the angular resolution of the WHAM+VTSS map is the nominal ∼6 ′ ). A few H II regions show little distinct 21 cm continuum emission above the background (e.g. Sh2-177, BFS 28), so for these we rely solely on Hα to delineate the ionized gas boundaries.
In the 1-arcminute data, 12 CO is often seen to form crescent-like shells curving partially (e.g. Sh2-173; see Figure 2 ) or fully (e.g. Sh2-231) around the limb of the ionized gas. The systemic velocity is found from the centre of several channels where the appearance of the edge-on shell is widest and its shape is unchanging from one channel to the next. Often, an imprint of the CO features is seen in the H I channel maps in the form of H I Self-Absorption (HISA; e.g. Sh2-207, Sh2-232) at the same velocities, and in general, at the position around the edge where 12 CO is seen, corresponding H I emission from the shell is not. In CGPS H I datacubes we find a wider variety of structures that can be used to narrow down the systemic velocity range. These are broadly categorized below (in order of significance to estimating 1. Thin semi-circular crescents of H I emission contoured around the edges of the ionized gas in a continuous or fragmented arc, and either completely surrounding the H II (e.g. Sh2-207, Sh2-217) or only partially so (e.g. Sh2-168-169, Sh2-204; see Figure 3 ). Annulus or crescent-like shells appear completely in a small number of velocity channels. The systemic velocity is the mean channel where the shell appears widest and unchanging from one channel to the next.
2. H I appears to consist of an arc-like portion of a shell contoured partway around the H II boundary.
The position of the H I arc around the edge of the H II moves clockwise or anticlockwise around the periphery of the H II from channel to channel. As a result, the velocity-integrated H I emission forms a partial or complete shell around the H II (e.g. 198, 254) .
3. Thick flat "walls" of atomic hydrogen emission with a slight concavity, inside which the H II region appears with one or more stars whose wind(s) probably are shaping one side of the H I wall (e.g. 143, 164, 202, 227, 231, 249) , and producing an H II "blister" off of the H I wall. 205, 206, 228, 234, 252) 2) and inspect them along with our descriptions in the online Table1.xls to identify an object's molecular and atomic gas morphologies. The final systemic velocities in each gaseous tracer for each H II region in this paper are given in Table 2 below.
Estimating the Velocity Uncertainty
Most H II regions in this catalogue have been scrutinized for related H I and 12 CO at least three times over the 3 year period of this study, and where more than one potentially associated feature was identified in the datacube we list multiple candidate velocities for each tracer. The velocity differences among multiple identified features are typically 2-5 km s −1 except for a few cases (for example 166, [168] [169] 180 , G122.6+1.6, G127.1+0.9) where two or more associated H I and/or CO components are found in quite different velocity ranges (>8 km s −1 different). The above differences reflect the uncertainty inherent in estimating velocities by eye: relating structure in channel maps to the continuum and Hα morphology is a somewhat subjective process. The average of these independent estimates then is the final systemic velocity measurement reported in Table 2 , one for each molecular and atomic gas component (v12 CO and v HI respectively).
The distribution of CGPS velocities v12 CO − v HI (Figure 4) shows a mean difference of −0.2 km s −1 and a 1σ dispersion of 3.0 km s −1 , demonstrating good correlation between the different gaseous tracers. Comparison of 12 CO velocities with those of 81 matched H II regions in Blitz et al. (1982) shows a mean difference of 0.6 km s −1 and 1σ = 1.4 km s −1 , and between H I (with its broader thermal linewidth) and the 12 CO of Blitz et al. (1982) shows a mean of 1.1 km s −1 and 1σ width of ± 3.6 km s −1 . This indicates that small-magnitude extra motions of order ∼2-3 km s −1 exist in the 12 CO velocities of Blitz et al. (1982) that are absent from the ones here, probably the kind demonstrated in Figure 2 (outflows and expansions). Because of the presence of these random LOS motions, the mean of 12 CO and H I velocities should have somewhat less uncertainty. Indeed, the distribution of differences between CGPS mean CO+H I velocities and the CO velocities in Blitz et al. (bottom panel , Fig. 4) shows a mean of 0.5 km s −1 and 1σ variation of ± 1.9 km s −1 . This dispersion in the differences of CO and H I velocities (± 3.0 km s −1 ) is taken as the uncertainty in the systemic velocity for each object in each tracer. This should include variations from random thermal and cloud-cloud motions in each tracer, instrumental linewidths, and typical variations due to the estimation by eye itself, probably the dominant source here. We also recognize that some individual H II regions have less reliable systemic velocities due to multiple velocity components identified in each tracer, so ± 3.0 km s −1 is the minimum uncertainty in each velocity estimate. Table 2 Sh2-no. (Bottom) Distribution of differences between the mean of our H I and 12 CO velocities and 12 CO velocities from Blitz et al. (1982) for 81 matching H II regions. The mean difference is 0.5 km s −1 and the dispersion is 1.9 km s −1 . 
COMPARISON WITH PREVIOUS STUDIES
Like the more recent catalog of Russeil (2003) , we present a homogeneous set of new stellar distances to 103 H II regions derived using a common LC and colour calibration for stars. Our approach is more fundamental, however, in that we use high-resolution radio maps to define the outermost boundary of the H II emission and then consider (or reconsider) all known OB stars in the area, excluding those outside of the emission bounds or outside a distance range that is common to the others. This data mining has greatly increased the number of individual SFRs with consistently calculated stellar distance estimates in quadrants II and part of III: for example, the compilation of Hou et al. (2009) lists only 56 single or group distances for 71 objects in the longitude range of the CGPS.
Nine high-mass SFRs with distances and uncertainties measured via VLBI observations of trigonometric parallax can be matched to H II regions in the CGPS (Figure 5; top) . The error-weighted correlation between these distances (r π ± dr π ) and our stellar distances (plotted in Figure 5 ) is r π = 0.999±0.054r-0.126±0.070, essentially 1:1 within a distance range up to r 4.5 kpc. Although not within the CGPS region, we also include our stellar distance to Sh2-269 of r = 4.3±20% kpc (from the lone B0.5V star found by Moffat et al. 1979 , see "Additional H II regions beyond CGPS" in Table 2 and online Table 1) and use the recent parallax results of Asaki et al. (2014) : r π = 4.05 +0.65 −0.49 kpc.
5.1. Improvements Improvements in the distances and velocities of H II regions will translate into a clearer view of Galactic structure and dynamics. These improvements can be assessed by measuring the scatter in Galactocentric distance R and angular velocity relative to the Sun Ω − Ω 0 (Eqn. 1 in Foster & Cooper 2010) in spiral arm objects, both values for which are expected to be (nearly) constant across a (nearly) circular ring about the Galactic centre (assuming the pitch angle of the arm is small and only a short segment of the arm is considered). We have 34 Perseus spiral arm H II regions between 90
• ℓ 150
• (see Paper II Foster & Brunt 2013 , for this determination). We compare distances R P er from our catalogue to the compilation of Hou et al. (2009) , which has 19 objects in common (velocities and distances mainly referenced from Paladini et al. 2003; Fich et al. 1989; Russeil 2003; Russeil et al. 2007) . Eight additional objects with stellar distances and CO velocities are found in Blitz et al. (1982) . A value for the Solar galactocentric distance R 0 = 8 kpc (Foster & Cooper 2010 ) is assumed. Some objects in Hou et al. (2009) are "grouped" together into 2 entries with duplicated distances and velocities. For proper comparison to our data (which is not grouped) we remove one member of the Sh2-148/149 and Sh2-203/BFS 31 groups from the comparison (149,203), and replace one member in 3 other groups (Sh2-138/139, 152/153 and 158/159) with alternate stellar distances and velocities from Blitz et al. (1982) . We also remove the distance outliers BFS 8 and Sh2-180 from both datasets.
Two plots of Ω − Ω 0 vs. R P er for the 23 remaining objects are shown in Figure 5 , one made with previous catalogue data and the other from data in Table 2 . Visually, the results of the current study cluster together much tighter in each variable as compared to previous catalogue values. A robust direct comparison of the median and normalized median absolute deviations in R P er using distances in Hou et al. (2009); Blitz et al. (1982) show R P er ≃ 9.48±0.42 kpc, whereas for the same regions in our data R P er ≃ 9.47±0.17 kpc; essentially the same median distance to the Perseus arm but with significantly lower relative scatter. In the comparison of angular velocities, a mean and 1σ scatter of Ω − Ω 0 = −6.455±0.857 km s −1 kpc −1 for the Perseus spiral arm is found for the 23 objects catalogued by Hou et al. (2009) and Blitz et al. (1982) ; Fich et al. (1989) . Referenced velocities in Hou et al. (2009) are a mix of CO and radio recombination line (Paladini et al. 2003) ; if we restrict the comparison to strictly 12 CO velocities from Blitz et al. (1982) ; Fich et al. (1989) the scatter is ± 0.809 km s −1 kpc −1 . Using CGPS 12 CO velocities alone the scatter is reduced to ± 0.592 km s −1 kpc −1 , and with CGPS H I it is ± 0.686 km s −1 kpc −1 . Taking the mean between the two gaseous tracers (weighted by 1/σ 2 ) results in −6.486± 0.593 s −1 kpc −1 , a factor of ≈ 1/ √ 2 less scatter in Ω − Ω 0 than in the same sample from previous catalogues. In particular, using 12 CO velocities in this work also produces ∼1/ √ 2 less scatter than using those from Blitz et al. (1982) . Clearly, the technique of estimating the systemic velocity from related gas seen edge-on results in a dataset better for studying Galactic dynamics, having reduced the variations due to random (e.g. "turbulence" and cloud-tocloud motions) as well as expansion and outflow motions along the LOS.
In summary, the new distances and CGPS velocities presented in this paper do indeed have favourable characteristics for use in tracing Galactic structure and dynamics, and have an edge in terms of lower scatter when compared to existing data in the literature.
